Introduction

38
Iron is an essential nutrient for life but is present at very low concentrations, typically less (Gledhill 2007) . In this study we used octyl -glucopyranoside (OGP) as the detergent, 150 to allow for determination of heme b by mass spectrometry (Gledhill 2014) . Samples were stored 151 frozen at -80°C prior to analysis. Heme b was quantified, after separation from other pigments by 152 high performance liquid chromatography -visible spectrophotometry using a diode array 153 detector (DAD) (Gledhill 2007) , and by selectively monitoring the major reactant ion (SRM of 154 m/z = 557) produced by collision induced dissociation of heme b (m/z=616) using an ion trap 155 mass spectrometer (ESI-MS, LTQ-Velos, Thermo Scientific) operating in the positive ion mode 156 (Gledhill 2014) . Source conditions were optimized, and the instrument tuned using standard iron 157 (III) protoporphyrin IX. Masses were calibrated using the automatic instrument calibration 158 procedure and a standard mass calibration solution (Thermo Scientific). Good agreement was 159 observed between the two detection methods ([heme] DAD = 1.06×[heme] SRM +3.6 pmol L -1 , 160 r 2 =0.98, n=30), with the intercept resulting in a potential difference of <0.3% to the heme 161 concentration in C. calcitrans cultures. Concentrations derived from SRM are used in the study, 162 except for C. calcitrans, when a problem with the mass spectrometer meant that concentrations 163 were calculated using visible spectrophotometry. 164 Heme b growth efficiency was calculated for phytoplankton in culture. Heme growth 165 efficiency is defined in analogy to iron use efficiency after Raven (1988) , as the moles of carbon 166 fixed per mole of heme b per second. In culture, POC represents a good approximation for 167 phytoplankton carbon and HGE was calculated from the growth rate (s -1 ) and the heme b: POC (1) 170 Apparent HGE in three areas of the ocean was also calculated by combining previously 171 published heme b concentrations ) with primary 172 productivity data obtained on the same cruises ( water column primary productivity given in Table 2 Sea, our stations SSC4, SSP24 and SSP28 had mixed layer depths and integrated chl a 183 characteristic of "MID", "SW-SG" and "NW-SG" respectively and heme b was thus integrated 184 to upper mixed layer depths given in Table 2 of Korb et al. (2012) . In order to calculate HGE for 185 the Iceland Basin, heme b was integrated to the mixed layer depth given in Table 1 as particularly low F v /F m was observed for P. globosa grown in unenriched SOs treatments.
261
Comparison of heme b with particulate organic nitrogen (Table 1) represented a contrast to the Southern Ocean species with respect to potential iron requirements.
298
It was interesting to note that our coastal species grew very poorly or not at all in unenriched 
390
In field samples, heme b in non photosynthesizing plankton could potentially act to decrease 391 apparent HGE, and differences in methodologies used to determine primary productivity could 392 also bias our results (Halsey et al. 2010 and all data for other species are given as the mean ± SD for experimental triplicates. <d.l.: less than the detection limit; n.d.: not determined. 
